
Follow this and additional works at DigiNole: FSU's Digital Repository. For more information, please contact lib-support@fsu.edu

2019

GLP-1R Role in Cognition and Mood
Natalie Lynn Henderson



Running head: GLP-1R ROLE IN MDD 1 

 

 

 

 

THE FLORIDA STATE UNIVERSITY  

COLLEGE OF MEDICINE 

 

 

GLP-1R ROLE IN COGNITION AND MOOD 

 

By 

 

NATALIE L. HENDERSON 

 

 

A Thesis submitted to the 

Department of Interdisciplinary Medical Sciences 

in partial fulfillment of the requirements for graduation with  

Honors in the Major 

 

 

 

 

Degree Awarded: 

SPRING, 2019 

 



GLP-1R ROLE IN MDD 2 

 

 

The members of the Defense Committee approve the thesis of Natalie Henderson defended 

on 04/22/19. 

 

 

______________________________  

Dr. Devon Graham 

Thesis Director 

 

 

 

______________________________ 

Dr. Mark Kearley 

Outside Committee Member 

 

 

 

______________________________  

Dr. Elizabeth Foster 

Committee Member 

 

 



GLP-1R ROLE IN MDD 3 

Abstract 

Major Depressive Disorder (MDD) is a common mental illness that produces cognitive deficits 

in patients, hindering affected individuals from performing daily life activities. In 2017, 17.3 

million adults had at least one episode of major depression and more than half of these patients 

also experienced cognitive impairments (National Survey on Drug Use and Health). Current 

pharmacotherapies for MDD are somewhat effective at treating symptoms related to affect but 

are not effective in treating the cognitive impairments associated with MDD. A promising 

answer to an effective antidepressant pharmacotherapy for both core mood and cognitive 

symptoms is being sought in glucagon-like peptide-1 receptor (GLP-1R) agonists. Activation of 

this receptors plays a role in some types of learning and memory and increases hippocampal 

neurogenesis, a critical component of antidepressant efficacy. We utilized Progressive Ratio 

(PR), Spatial and Novel Object Recognition (SNOR) and Location Discrimination (LD) tasks to 

investigate motivation, spatial learning and memory, respectively. We hypothesize that GLP-1R 

activation enhances execution of these tasks. Our results demonstrate that GLP-1R activation 

enhances cognitive performance in the LD task in a sex-dependent manner and spatial learning in 

the SNOR task. These data indicate that GLP-1R has potential to treat cognitive impairment 

associated with MDD, but its role in improving motivational and mood aspects of MDD requires 

further investigation. 

Keywords:  Major Depressive Disorder, cognitive deficits, cognitive enhancements, GLP-

1 receptors, Location Discrimination, Progressive Ratio, Spatial and Novel Object Recognition  
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Investigating GLP-1R role in Major Depressive Disorder 

Major Depressive Disorder (MDD) is one of the more prevalent mental illnesses, 

affecting nearly 17.3 million adults in just the United States alone (Ahrnsbrak, Bose, Hedden, 

Lipari, & Park-Lee. 2017). The vastness of this disorder has impelled research to focus on 

discovering effective pharmacotherapies targeting core mood symptoms. The core mood deficits 

commonly associated with MDD include persistent feelings of sadness, loss of pleasure and 

interest, and lack of motivation. However, in more severe cases, affected individuals experience 

severe cognitive deficits (Misiak, et al. 2018). Cognitive dysfunction is defined as any deficit in 

learning, memory, or ability to make decisions, and has recently been classified as a core 

symptom of MDD (Roca, Vives, Lopez-Navarro, Garcia-Campayo, & Gill. 2015). The 

prevalence of cognitive dysfunction concomitant with MDD was demonstrated in the 2017 

National Survey on Drug Use and Health (NSDUH) that revealed 64% of affected individuals 

experienced severe cognitive impairment (Ahrnsbrak, et al. 2017). MDD hinders patients from 

performing daily life activities as many of the current pharmaceutical treatment options are 

ineffective. The inefficacy of these treatments—in relation to the mood-related symptoms—was 

illustrated by the STAR*D study in which only one-third of participants responded to treatment 

after the first round of antidepressants. (Rush, et al. 2006, 2006). Beyond this level, only one-

third of the remaining population responded to treatment with additional pharmacotherapies 

(Gaynes, et al. 2009). More importantly, there are no current pharmacotherapies for patients that 

experience cognitive deficits as a result of MDD.  

Glucagon-like-peptide receptors (GLP-1Rs) are commonly known as targets for treating 

metabolic disorders such as type II diabetes and obesity. These receptors are widespread 

throughout the body but are also widely distributed throughout the brain (McIntyre, et al. 2013). 
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These receptor locations in the hippocampus and temporal cortex are associated with memory 

and learning—indicating their connection to cognitive functioning (McIntyre, et al. 2013). Thus, 

the location of these receptors, specifically within the hippocampal dentate gyrus, contributes 

credence to our hypothesis of enhancing both mood and cognition via the activation of GLP-1R 

within this region. 

Literature Review 

A propitious answer to an effective antidepressant pharmacotherapy for both MDD core 

mood deficits and cognitive impairment is being sought in GLP-1R activation (Mansur, Lee, 

Subramaniapillai, Brietzke, & McIntyre. 2018). Multiple studies have shown that GLP-1R 

agonists have aided in cognitive deficits in learning and memory processes (McIntyre, et al. 

2013). Activation of these receptors plays a role in some types of learning and memory and 

increases hippocampal neurogenesis, a critical component of antidepressant efficacy (Hill, Sahay, 

& Hen. 2015) and possible cognitive enhancing effects. These receptors are located throughout 

the body; however, their location in the dorsal dentate gyrus (dDG) of the hippocampus is the 

focus of this study. Recent studies reveal that the dDG of the hippocampus plays a role in 

location discrimination, object recognition and spatial memory; this is significant in terms of 

MDD because this disorder produces deficits within these dDG-specific cognitive domains 

(Darcet, Gardier, Gaillard, David, & Guilloux. 2016). The dDG encodes and distinguishes spatial 

events essential for proper cognitive input making it ideal to investigate cognitive impairment 

associated with MDD (Smith, Kesner, & Korenberg. 2013). Studies have also investigated 

cognitive enhancement based on dDG synaptic plasticity (Varaschin, Akers, Rosenberg, 

Hamilton, & Savage. 2010). Moreover, the dentate gyrus is also important in some of the mood 

or affect-related deficits that comprise MDD (Tang, Lin, Pan, Guan & Li. 2016). Thus, 
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hippocampal GLP-1R could play a dual role in the mood and cognitive symptoms associated 

with MDD (Anderberg, et al. 2016). 

As research evolves to bridge the gap between cognitive assessment in mice and humans, 

touchscreen tasks are being optimized as translational tools to test analogous cognitive deficits 

across species (Hvoslef-Eide, Nilsson, Saksida, & Bussey. 2015). To test this specific domain 

and measure cognition and mood in mice, touchscreen testing has been utilized with tasks such 

as Location Discrimination (LD) and Progressive Ratio (PR) (Bussey, et al. 2008). These 

cognitive tasks have provided results suggesting their efficacy as a translation tool in assessing 

cognition in mice and humans (Hvoslef-Eide, et al. 2015). The LD and PR tasks assess spatial 

memory and motivation, respectively (Heath, Bussey, & Saksida. 2015). Our current use of the 

LD task is analogous to pattern separation in humans. Individuals affected by MDD demonstrate 

diminished performance in pattern separation tasks which can be attributed, to some extent, to 

impaired neurogenesis in the hippocampus of adults (Gandy, Kim, Dindo, Maletic-Savatic & 

Calarge. 2017).  In brief, these tasks were used in this study to measure a baseline of 

performance in mice and these data are then compared to data retrieved after the mice have been 

administered a GLP-1R agonist such as Exendin-4 (Ex-4).  

Ex-4 has demonstrated its involvement in cognitive impairment through a variety of 

research including a study where the latter enhanced cognitive deficits that were consequence of 

traumatic brain injuries (Eakin, et al. 2013). However, GLP-1R activation with Ex-4 has been 

shown to decrease the rewarding properties of food and induce hypophagia (Dickson, et al. 

2012). Studies with Ex-4 have further investigated the latter properties of this GLP-1R agonist 

indicating that hypophagia is achieved by influencing food intake and reducing effort-based 

response for food (Hsu, Han, Konanur, Lam & Kanoski. 2015). 
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As food reward is an integral part of the above-mentioned tasks, it is difficult to 

determine if mice perform fewer trials as consequence of Ex-4-induced hypoactivity and satiety 

or as a result of altered cognitive performance. These tasks often produce unclear data and 

additionally are extensive and time-consuming. To better assess the role of GLP-1R activation on 

cognitive performance, the use of an alternative task that examines the same cognitive measures 

but removes the food-reward components would be crucial. Object location tests (OLT) have 

demonstrated success in assessing spatial memory in rodents (Murai, Okuda, Tanaka, & Ohta. 

2007). Literature reveals that using the Spatial and Novel Object Recognition (SNOR), an OLT, 

may be effective as an alternative or screening task (Goh, & Manahan-Vaughan. 2012). The 

SNOR task is a non-reward-based task and thus eliminates the caveat of hypophagia allowing for 

effective examination of cognitive performance in Ex-4-treated mice (Goh, & Manahan-

Vaughan. 2012).  

The SNOR task is optimized in use for rats revealing its effectiveness as a cognitive task 

in Sprague-Dawley (SD) rats (Cai, Gibbs, & Johnson. 2011). Additionally, the SNOR task has 

been used to measure cognition in BAC-transgenic mice such as Kctd13-depleted mice 

(Escamilla, et al. 2017). A similar study was successful in investigating cognitive performance in 

trisomy-21 mice after altering the task sessions and times. The literature reviewed did not reveal 

a uniform manner in which the task is performed (Hall, et al. 2016). We hypothesize that the 

implementation of this non-reward cognitive task will be more effective in our attempts to 

examine the role of GLP-1R and Ex-4 in cognition and mood.  

No current literature exists for optimizing touchscreen tasks with food-reward 

components for use with drugs that induce hypophagia, such as Ex-4. However, literature 

suggests that central administration via intracerebroventricular (icv) injections will not 
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significantly decrease food intake or body weight (Namkoong, et al. 2017). To minimize the 

caveat of hypophagia, a shift of focus to icv administration as opposed to use of intraperitoneal 

(ip) injections might reduce the hypophagia effects of Ex-4. We hypothesize that Ex-4-treated 

mice will demonstrate enhancement in cognition and motivation as measured by the LD and PR 

touchscreen tasks, respectively, once the hypophagic effects of Ex-4 are minimized.  

In sum, we have three aims: 1) to determine if GLP-1R activation alters motivation in 

mice using a touchscreen task (PR); 2) to develop and validate a task that can test spatial 

memory yet not rely on food-based reward; and 3) to ascertain whether centrally administered 

GLP-1R agonists will enhance performance on the LD task, thus avoiding the confounding factor 

of GLP-1R-induced hypophagia. We hypothesize that GLP-1R activation will enhance 

performance on the PR, SNOR, and LD tasks by enhancing motivation, spatial memory and 

learning, respectively.  

Materials and Methods 

Sample 

Male and female C57BL/6 mice, 6 to 8 weeks old, were obtained from the Jackson 

Laboratory (Bar Harbor, Maine) and delivered to the Florida State University College of 

Medicine vivarium in Tallahassee, Florida. Mice were acclimated to housing for at least a 

week with food and water provided ad libitum with standard enrichment (round, red huts and 

one cotton nestlet) and a standardized light:dark (12 hr:12 hr.) light schedule. All testing was 

performed in the light phase of this cycle. For the first part of the study (SNOR study), 20 

mice (10 males, 10 females) were group-housed (4/cage) in polycarbonate cages that were 

individually ventilated in a climate- and temperature-controlled vivarium room. The icv LD 

task and PR task both included separate cohorts of 16 mice (8 males, 8 females) to be housed 
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individually and food deprived to their starting weight of 85% calculated via Jackson curves. 

The final segment of the study, (dDG LD study) included 32 mice (16 males and 16 females) 

also housed individually and food deprived to 85% of their starting weight. Upon arrival, 

subjects were handled daily during the week-long period of habituation prior to testing. Food 

deprivation began 5-7 days prior to testing and testing began once the desired weight was 

achieved. All experimental procedures adhere to the standards of the Guide for the Care and 

Use of Laboratory Animals, and the protocol has been approved by Florida State University 

Animal Care and Use Committee.  

 

Materials 

 The SNOR task was conducted in an open-top, round chamber approximately 30 cm 

in diameter and 60 cm in height. This chamber consisted of polypropylene plastic with a 

white interior. A video camera (JVC) was placed over the chamber and connected to ANY-

Maze software (Stoelting). This test was performed under dim lighting conditions (~16-20 

lux) using infrared lighting and two dim lamps diffusing light to minimize shadows. A black 

“+” sign was affixed to the chamber wall along with the objects held in place by magnets. All 

other spatial cues in the testing room remained fixed. The objects consist of three 50 mL 

conical tubes weighted with gravel and equivalent in size. A purple, rubber spaceship toy was 

designated as the novel object. Objects were cleaned after each use with 1.6% quatricide and 

inspected. Any damaged objects were discarded and replaced.  

 For the touchscreen portions of this experiment, mice were acclimated to a 

trapezoidal Bussey-Saksida mouse touchscreen chamber with a milkshake dispenser and tray 

opposite of the touchscreen apparatus (Lafayette Instruments, figures 1A and 1B). The 
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milkshake reward was comprised of 33.3% vanilla Ensure with distilled water. Software and 

chamber functionality were examined prior to testing and cleaned with 1.6% quatricide. 

Dispensers were then primed with milkshake. A mask for each of the tasks (LD: 12 blocks 

with only the bottom row of 6 used; PR: single row of 5 blocks with only the center block 

used for testing) was inserted over the screen for the appropriate task. Chamber covers were 

used to prevent mice from escaping chamber. Drawer tracks attached to chambers retracted 

into an enclosed, sound-proof housing unit.  

 

. 

 

 

 

 

Surgery 

 Following LD touchscreen baseline testing, mice underwent surgery to insert cannulas 

into the left and right lateral ventricles in the brain (A/P -0.1, M/L ±1, D/V -1.75) or the dDG 

(A/P -2.2, M/L ±1.5, D/V -2) . Mice were anesthetized using isoflurane (4% to induce 

anesthesia and ~2% to maintain depth), and a toe pinch was performed to check for pain 

A B 

Figures 1A and 1B demonstrate the Lafayette touchscreen apparatus. The milkshake dispenser 

can be seen on the left side of the trapezoidal chamber illustrated in figure 1A and the 

touchscreen on the opposite side. Figure 1B illustrates the touchscreen display as it appears to 

the subject dependent upon LD task. 
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reflexes. Mice were quickly placed onto the stereotax surgical apparatus. A nose cone was 

then positioned over the snout for maintenance of anesthesia, and the hair on the skull was 

shaved. Ear bars were used to stabilize the mice, and mice were placed on a heating pad 

which maintained a temperature of 37˚C throughout the procedure. A mineral oil ointment 

was applied via a Q-tip to the mice’s eyes. Sterile techniques were practiced by applying 

betadine via a Q-tip to the surgical area. An incision was made to reveal the skull from the 

front of the head to the base of the neck. Holes were drilled at the appropriate coordinates, 

and cannulas were then inserted and held in place by dental cement to form a skull cap. Wire, 

dummy cannulas were inserted into the cap to keep the guide cannulas patent.  Ketoprofen (5 

mg/kg) was administered (ip) pre-operatively and then daily for post-operative analgesia. 

Mice recovered for a 5-7-day period before continuing food deprivation and touchscreen 

tasks.   

 
Experimental Procedures 

Specific Aims 1: Progressive Ratio: Peripheral administration 

Peripheral injections (ip) were used to deliver exendin-4 (Ex-4, Bachem) or saline (SAL) 

to subjects. The PR task utilizes a 5x1 mask and acquisition consists of Initial Touch and Fixed 

Ratio Training. Initial Touch training begins with an intertrial interval (ITI; 5s) followed by a 

stimulus displayed in the center window. The stimulus is removed after 30 seconds and the 

dispenser tray is illuminated accompanied by milkshake delivery and a tone (3 Hz). Reward 

collection initiates ITI followed by stimulus display. If subject nose-pokes or touches the 

stimulus within 30 seconds, 3x reward is delivered. Criterion for Initial Touch training is 30 trials 

within 60 minutes. The Fixed Ratio training requires the subject to nose poke the stimulus which 

initiates the fixed ratio and correct counter. After the fixed ratio is reached, stimulus is removed 
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followed by reward delivery. If the fixed ratio is not reached, the stimulus is removed and 

displayed after another ITI (5s). Criterion for Fixed Ratio training is 30 trials within 60 minutes 

for a fixed ratio of 1 (FR1). Upon meeting criterion, subjects advance to fixed ratio 2 (FR2)  

followed by fixed ratio 3 (FR3) . Once subjects have met criterion for FR3, they then begin the 

fixed ratio 5 (FR5) of Fixed Ratio training and must meet criterion for 3 consecutive days before 

advancing to the PR task. The PR task follows the same procedure as Fixed Ratio training except 

that after each time criterion is reached, the number of required touches to obtain the reward 

increases in a progressive fashion (+4; i.e. 1, 5, 9, 13, etc.). If no stimulus response occurs within 

10 minutes, the session is terminated. The point at which mice stopped performing is called the 

“breakpoint”. Mice performed the PR task drug-free until they were able to perform the PR level; 

all tasks up to this point were 60 minutes long. Once mice were trained in the PR task, Ex-4 or 

SAL was administered (treatment was counterbalanced across subjects), subjects were placed in 

the home cage for 30 minutes, and then tested with the PR task. Mice were then baselined (drug-

free) with the PR task and tested again at least 24 hours later, using the other drug treatment. 

During the PR tasks, pre-weighed mice chow was placed in the corners of the chamber. Chow 

was removed and weighed immediately upon task completion. If mice consumed chow instead of 

performing task to receive milkshake reward, no motivation was present. On the contrary, if mice 

performed to receive milkshake reward and no chow was eaten, motivation was observed. Due to 

Ex-4 inducing hypophagia, the data was normalized to account for the total time spent in the 

chamber when analyzing the number of trials performed.  
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Specific Aims 2: SNOR 

For the preliminary trial, we tested the validity of this task in detecting differences in 

spatial and working memory. The SNOR task consisted of 7 different sessions (5 minutes 

each) with 5-minute breaks in between each session in which the mouse was placed back into 

its home cage. The subjects were habituated to the testing room for approximately 30 

minutes prior to injections. Approximately 30 minutes prior to the first test session, subjects 

were randomly assigned one of two drugs: SAL or Ex-4 (30 µg/kg), all at a volume of 5 

ml/kg (ip). The chamber remained in a fixed position in the testing room along with other 

visual cues. The first session of the SNOR task consisted of an empty chamber to allow the 

mice to habituate to the chamber. Beginning with the second session through the fourth 

session, three objects (labeled A-C in Fig.2; 50 mL conical tubes) in fixed locations were 

placed in the chamber.  For sessions five through six, the same three objects were used 

except one of these objects was relocated (object C moved to a new, novel location D in Fig. 

2); these sessions attempted to evaluate the spatial (location) novelty for the mice. During the 

final session, session 7, non-spatial, working memory was evaluated by replacing the 

previously non-relocated object with an entirely different object (object B is replaced with 

object E, the purple spaceship toy). Time spent was measured by the period of time (seconds) 

in which subjects remained visually engaged within the object zone. Zones extended a 2.5 

cm radius around the given object. Periods of immobility were defined as no movement or 

interaction with objects. After detection of several periods of immobility (10-20s) indicating 

lack of interest, the experimental design was tailored to the activity of the mice to reduce the 

number of sessions. The session amounts were reduced to 5 sessions inclusive of 3 

habituation sessions and 2 sessions detecting spatial and novelty properties. 
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Specific Aims 3: Location Discrimination: icv and dDG 

Previously, we utilized systemic administration for the LD task. In efforts to minimize 

the effects of Ex-4-induced hypoactivity and satiety we relied on central (icv and dDG) 

administration to deliver Ex-4. The LD task utilizes a 6x2 mask (fig. 1B). Mice were trained 

through a series of stages inclusive of Initial Touch, Must Touch, Must Initiate, Punish 

Incorrect and One-Choice Reversal. Subjects were habituated to the testing room for 30 

minutes in which they remained in home cages. Subjects were habituated to an empty 

chamber absent of light or reward presentation for the first session (Habituation phase, 20 

min). Initial Touch training presents a stimulus in one box at a time chosen pseudo-randomly. 

Following a 30 second delay, the stimulus is removed, and dispenser is illuminated to deliver 

milkshake accompanied by a tone (3 Hz). Entrance to the dispenser deactivates the tray light 

and initiates ITI (10s). Following ITI, the stimulus is presented again. The criterion for this 

session is 30 trials to be completed within 60 minutes. Must Touch Stimuli training follows 

Figure 2. Object Location Memory task paradigm for testing spatial and non-spatial novelty. Letters 

represent different novelty objects and their locations in the enclosed chamber.  The “+” sign was 

included to provide for spatial orientation within the environment. 
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the same procedure and criterion except that mice must nose-poke the displayed stimulus to 

receive the reward. Must Initiate training begins with free reward delivery accompanied by 

tray light and tone. The subject must enter the dispenser tray to initiate stimulus display. 

Following task initiation, task procedure mimics Must Touch Stimuli training. Punish 

Incorrect also follows the same procedural guidelines except that mice are punished with a 

timeout if the lit stimulus is not touched. For the timeout, the house light is activated 

accompanied by a time out period (5s) followed by ITI. No reward is given for incorrect 

selection. Punish Incorrect criteria is 23/30 (77%) trials correct within 60 minutes completed 

on two consecutive days. This completes the location discrimination acquisition. One-Choice 

Reversal follows Punish Incorrect except that stimulus side reversal occurs after the initial 

side has been correctly responded to for 7/8 trials. For this phase, two blocks (the 

“intermediate” blocks in fig. 1B) are illuminated, and each mouse is randomly assigned a 

default side (half Left, half Right). Mice must touch the light on their default side to meet 

criterion (7/8 correct touches). Once mice accomplish this task (reversal), the “correct” side 

is reversed. One complete reversal is one time to criterion and is required to be correctly 

completed for 5 consecutive days. After completion of location discrimination acquisition, 

mice are paired based on performance and undergo appropriate surgical procedure (icv or 

dDG cannula placement). Once post-operative recovery period has ended, mice were 

reintroduced to the One-Choice Reversal task and food-deprived. The initial One-Choice 

Reversal acquisition level of difficulty is intermediate. One-Choice Reversal testing entails 

easy and hard probe trials (fig. 1B). Assigned drugs are administered ~5 minutes prior to 

testing (1 µg/hemisphere of Ex-4 in 1 µL aCSF or 1 µL aCSF for the vehicle control). 
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Subjects were removed from chambers within 10 minutes upon task completion and placed 

into their home cages.  

 

Statistical Analysis 

The effects of GLP1-R agonist on behavior of mice was analyzed using a 2-way ANOVA 

assesment with Treatment and Sex being the independent variables. A p-value < 0.05 is 

considered to be significant. 

 

Results 

The PR data were difficult to interpret given that only ip administration of Ex-4 was 

utilized. It was unclear whether mice were performing fewer trials as a result of Ex-4 induced 

hypoactivity and satiety or as a result of reduced motivation. The data suggests a reduction in 

motivation in both males and females when viewing the number of trials performed, 

however, these data were not statistically significant (fig. 3). Once the data were normalized 

to account for time spent performing the task, a slight increase in number of trials was 

demonstrated but again these data were not statistically significant (fig. 3). There was no 

observed correlation between the amount of chow remaining after task completion and task 

performance. These results were unclear but demonstrated the need for utilization of icv 

administration as opposed to ip administration of Ex-4 to account for hypophagic effects.  

 

 

 



GLP-1R ROLE IN MDD 17 

 

 

 

 

 

 

 

Our results from the ip administration with the SNOR task indicated an increase in 

time spent interacting with novel location as compared to the fixed objects; however, these 

data were not statistically significant (fig. 4). This task also demonstrated an increase in time 

spent interacting with novel object as compared to novel location and fixed object (fig. 4). 

Data analysis did not indicate an effect of sex on this task, thus, both male and female data 

were combined and compared. Reviewed literature indicated its usefulness as a screening for 

our touchscreen tasks. Our findings did not agree with this literature. Based on these results, 

it is unlikely that SNOR can be used as a time-efficient screening task for whether mice 

should be placed in the more labor- and time-intensive LD touchscreen test.  

C D 

Figure 3. PR Task: Peripheral (ip) Administration. (A-B):  In both sexes, administration of Ex-4 

systemically (ip) tended to decrease the number of trials performed in the PR test, suggesting 

reduced motivation. N=8/group. (C-D): When normalized, there appeared to be a slight increase in 

performance for Ex-4 mice. The data were not statistically significant. 
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The Location Discrimination task measured the direct effect of Ex-4 into the brain via icv 

administration. In females, these data indicated a significant increase in accuracy in both the easy 

and hard probe trials. No statistical significance was observed regarding the number of times 

mice reached criteria in either trial, nor were there differences in the number of trials performed 

between treatment groups, indicating that central administration of Ex-4 does not alter 

performance in this task (fig. 5). These results were limited by population size and surgical 

technique. Beyond limitations, these data indicate the effectiveness of icv administration as 

opposed to ip administration. No effects of Ex-4 induced hypoactivity or satiety were present, 

thus, normalizing these data was unnecessary.  

Figure 4. Ex-4-treated Subjects spent more time (s) engaging with novel object and novel 

location but these data were not statistically significant (N=20/group).  
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 Our results from the LD task with dDG administration from Ex-4 are preliminary but due 

to the time sensitivity of this thesis were still analyzed for significance. Only 5 of the subjects 

have completed the easy probe trial, 3 females and 2 males. Of these subjects, 3 received Ex-4 

and the remaining 2 received animal Cerebrospinal Fluid (aCSF). Due to limited population size, 

sex differences in task performance were not accounted for. When analyzing the data for 

performance improvement from baseline testing to the easy probe test, Ex-4 treated mice 

performed significantly better whereas aCSF-treated mice demonstrated no change in 

performance (fig. 6A). We then normalized the data for performance of aCSF-treated mice in the 

easy probe trials revealing no statistical significance but an observed improvement in Ex-4 

treated mice (fig 6B).  
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Figure 5. LD Task: Central (icv) administration. In females, icv did not significantly alter 

the number of times mice reached criterion in either LD probe trial (A-B), but did improve 

accuracy in both probes (C-D). *p<0.05, †p=0.01. N=2-3/group 
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Discussion  

Previously, we have demonstrated cognitive performance enhancement in wild-type mice 

with ip administration for the LD task. Data from this trial was normalized for the number of 

trials completed to account for Ex-4 induced hypophagia. Male mice performed significantly 

better in the easy probe trial whereas females performed significantly better in the hard probe 

trial (fig. 7). These data lend credence to our hypothesis of Ex-4 significantly enhancing 

cognitive performance in mice once these effects of Ex-4 are accounted for.  

Figure 6A & 6B. LD Task: Central (dDG) administration. Sex-differences were not accounted 

for due to limitation of population size. Ex-4 treated mice performed significantly better in the 

easy probe trial than the baseline trial (6A). Data was normalized to the aCSF-treated mice 

performance (B). No statistical significance was observed between aCSF- and Ex-4-treated 

mice. *p<.05. N=2-3/group 

A B 
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Discussion 

 This study aimed to minimize these effects of Ex-4 by shifting focus from 

systemic to central administration via icv and dDG. By doing so, we hypothesized that we would 

not only be able to reduce the caveat of hypophagia but also further investigate the connection 

between cognitive enhancement and receptor activation within the dDG-specific domain. Our 

results illustrate that a positive correlation between GLP-1R activation, within the icv and dDG, 

and cognitive performance enhancement in wild-type mice.  

 This study also aimed to implement a non-food reward task such as the SNOR 

task. The data from this task were inconclusive and did not produce results ideal for our study. 

The SNOR task has been previously successful in mice altered in cognition. Our use of this task 

with wild-type mice was not sensitive enough to detect Ex-4-induced changes in cognitive 

performance in mice. 

 Based on touchscreen data and inability to implement a non-reward-based spatial 

memory task, we proceeded with our use of icv administration for the LD touchscreen task. 

Previously, a major limitation was sample size. During this investigation utilizing the dDG 

Figure 7. Systemic Ex-4 treatment enhances performance in the LD probe trials (A). Ex-4-

treated males performed better in the easy probe trial (B). Ex-4-treated females performed 

better in the difficult probe trial (C). *p<0.05 vs. respective SAL, N=11-12/group 
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cannula implantation, we significantly increased our population size and improved the surgical 

technique for inserting cannulas. The data we have gathered for Location Discrimination and 

dDG administration of Ex-4 is preliminary. When analyzing for changes in cognitive 

performance from baseline to the easy-probe trials, mice treated with Ex-4 performed 

significantly better whereas no changes were observed in mice that received aCSF. However, the 

easy probe trial is an easier task than the intermediate baseline test, thus, some improvement is 

expected. When normalizing this data for the performance of aCSF-treated mice, no statistical 

significance was observed for Ex-4 treated mice, however, their performance was still greater. 

The amount of trials performed by both Ex-4- and aCSF-treated mice were not significantly 

different, thus, normalization for Ex-4 induced hypoactivity was deemed unnecessary. Due to the 

time sensitivity of this thesis, population size was a major limit of our study and more than half 

of our remaining subjects are still waiting to undergo surgery and testing. Based on this 

preliminary data, we postulate that our further findings will agree with the latter.  

 Moving forward, we plan to induce chronic stress in mice to improve the 

translational value of this research as chronic stress is often used in animals to induce a 

depressive-like state. This study will allow us to further evaluate the effects of Ex-4 to determine 

its usefulness in patients with MDD. We also plan to further investigate the effects of Ex-4 on 

mood outcomes by using a more traditional task—the forced swim task. This task measures 

despair within mice and is analogous to learned helplessness in patients with MDD. The forced 

swim task may be more insightful to Ex-4 effects on motivation and mood than our previous use 

of progressive ratio. 

 Future studies include further identifying the role of GLP-1R activation 

specifically in the dentate gyrus of the hippocampus, which mediates both cognitive and mood 
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outcomes. This distinct GLP-1R population could be linked to both of these attributes (Fig. 8). 

Identifying GLP-1R function within the dDG will be accomplished by injecting subjects with 

bromodeoxyuridine (BrdU) to label newly born cells and anesthetizing one-week post-injection 

with pentobarbital. Subjects will then undergo trans-cardial perfusion with paraformaldehyde and 

immunohistochemistry will be performed on sliced brain sections. Determination of GLP-1R 

activation as it enhances neurogenesis is made possible by staining against BrdU. Another way 

we plan to further analyze GLP-1R function is by using GLP-1R knockout mice in our studies to 

determine if Ex-4 activates receptors other than GLP-1R.  

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 8. GLP-1R expression within the dentate gyrus using GLP-1R/mApple BAC 

transgenic mice. (5X, scale bar = 200 μm). 
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